The relationship between wealth and blood pressure (BP) in developing countries is unclear and it is important to understand how the socioeconomic environment influences BP in an African setting. Our objective was to determine the wealth differences in BP in the Ghanaian population and to clarify whether the relationship is modified by education level. Data from the 2014 Ghana Demographic and Health Survey was analyzed. A total of 9396 women and 4388 men were sampled nationwide and interviewed for the survey. Prevalence of hypertension in the population was low (10.4%). Systolic BP, diastolic BP, and odds of elevated BP increased with increasing wealth status. A linear trend was noted. Richest respondents recorded a 2.65 mmHg (95% CI: 1.09, 4.21) and 3.14 mmHg (95% CI: 1.97, 4.31) excess in systolic BP and diastolic BP, respectively and also, a 151% (AOR ¼ 2.51, 95% CI: 1.80, 3.48) increased odds of elevated BP compared with the poorest. The wealth trend in BP was strongest among primary educated respondents (Interaction p ¼ 0.0007). We found evidence of a consistent increase in elevated BP with increasing wealth status in
Introduction
Hypertension is a major public health problem worldwide, contributing significantly to the global burden of heart disease, stroke, chronic kidney disease, other cardiovascular diseases, and premature mortality and disability [1, 2] . The estimated number of individuals with hypertension defined as systolic blood pressure (SBP) of 140 mmHg or higher increased from 442 million in 1990 to 874 million in 2015 with 7.8 million deaths (14% of all deaths) and 143 million disability adjusted life years (DALYs) in 2015 attributable to hypertension [2] . Hypertension also accounts for 41% of cardiovascular deaths, among which 40.1% are related to ischemic heart disease, 40.4% to cerebrovascular diseases, 38.1% to ischemic stroke and 42.5% to hemorrhagic stroke [2] .
Hypertension disproportionately affects populations in low-and middle-income countries (LMIC) because of weak healthcare systems which results in poor treatment and control of blood pressure (BP) [1] . Increasing urbanization with its associated lifestyle changes including unhealthy dietary habits, increased alcohol use, smoking and low physical activity also drives hypertension levels in developing countries. In Sub-Saharan Africa, the estimated number of deaths attributable to hypertension almost doubled between 1990 and 2015, increasing from 243,000 to 467,300 deaths [2] . The number of DALYs related to hypertension in the region was estimated at 10.8 million in 2015. Prevalence of hypertension in the SubSaharan African region has been estimated at 30% [3] . In Ghana, the prevalence of hypertension continues to rise with the WHO Study on Global Ageing and Adult Health (SAGE) estimating the prevalence rate at 54.6% [4] . Hypertension is one of the most commonly reported health problems in Ghana and also, the dominant comorbid condition in individuals with a chronic disease [4] . Hypertension ranks in the top five outpatient diseases in Ghana and also ranks as the third most common newly diagnosed outpatient disease among adults [5, 6] .
Within populations, the burden of hypertension varies between socioeconomic groups. In high income countries, studies have consistently shown low socioeconomic status (SES) to be associated with increased prevalence of hypertension [7] . The relationship between SES and BP in LMICs is however unclear. In a review by Busingye and colleagues [8] that focused on evidence from rural populations of LMICs, the findings were mixed. Whereas no association was found in Africa, in East Asia an inverse association was found and in South Asia, a positive association was noted. In Leng et al. [7] review, an inverse relationship was observed in Africa.
Inconsistencies in the measurement of SES, sample heterogeneity, and differences in the degree of modernization and economic development have been proposed as possible reasons for the conflicting results emanating from developing countries [9, 10] .
More epidemiologic studies investigating the relationship between indicators of SES and BP in developing regions are needed, particularly in Sub-Saharan Africa where a marked social and economic differences exist between and within countries, and also levels of hypertension and cardiovascular diseases (CVD) are increasing at an alarming rate. Such studies will provide insights into how the socioeconomic environment influences BP and help clarify inconsistencies in the literature. Also, empirical evidence on the cardiovascular health gaps between different social groups will become available and enable the development of intervention strategies to address the disparities in hypertension prevalence.
Our objective was therefore to ascertain whether BP and the prevalence of elevated BP in the Ghanaian population vary depending on wealth status and to further establish whether the relationship is modified by level of education. Identifying and elaborating on the potential effect modifiers of the wealth status e BP relationship is important for better tailoring intervention strategies in developing countries.
Materials and methods
Data from the 2014 Ghana Demographic and Health Survey (GDHS) [11] , a nationally representative population-based survey was analyzed for this study. A two-stage sampling design was adopted by the 2014 GDHS and first involved the selection of 427 clusters consisting of enumeration areas delineated for the 2010 Population and Housing Census. These clusters were selected from the 10 administrative regions of the country and across urban (n ¼ 216) and rural (n ¼ 211) areas. The second stage involved the selection of about 30 households from each cluster resulting in a total sample size of 12,831 households.
Data collection was carried out using three questionnaires; household questionnaire, woman's questionnaire, and man's questionnaire. The household questionnaire was used to list all the members of and visitors to the selected households with the information gathered used to identify women and men eligible for individual interviews. Eligible participants must either be permanent residents of the selected households or visitors who stayed in the household the night before the survey. The woman's questionnaire was used to collect information from all eligible women aged 15e49 years. In half of the selected households, the man's questionnaire was administered to all eligible men aged 15e59 years. A total of 9396 women (response rate, 97.3%) and 4388 men (response rate, 95.2%) were interviewed for the survey.
Ascertainment of outcome
Three BP measurements were taken at intervals of 10 minutes or more from consenting women and men during the interviews using the LIFE SOURCEÒ UA-767 Plus digital oscillometric blood pressure monitor. The average of the second and third measurements was used to classify the respondents with respect to hypertension according to WHO guidelines [12] . Respondents with average systolic blood pressure (SBP) of !140 mmHg and average diastolic blood pressure (DBP) of !90 mmHg were classified as hypertensive. Respondents with normal BP measurement but reported at the time of the survey that they have previously been told by a physician that they have hypertension were also categorized as hypertensive.
Ascertainment of wealth status and educational attainment
Wealth index is used to measure inequalities in household characteristics and in the use of health and other services, as well as in health outcomes. According to the DHS program, it is an indicator of wealth that is consistent with expenditure and income measurement among households, and is constructed from household asset data using principal component analysis. The household assets include television, bicycle, or car, as well as dwelling characteristics, such as a source of drinking water, sanitation facilities, and type of flooring material. The wealth quintiles distinguished were the following: poorest, poorer, middle, richer and richest.
In the women and men questionnaires, respondents were asked whether they have ever attended school and if they answered "yes" they were further asked about the highest level of school they attended. The education categories were the following: none, primary (1e6 years of schooling), secondary (7e13 years of schooling) and higher (!14 years of schooling).
Covariates
The core potential confounders adjusted in the analysis were gender, age, area of residence, religion, ethnic group and marital status of respondents. Body mass index (BMI) was available for only a subset of the study population. The survey collected anthropometric data (height and weight) for only respondents who were eligible for biomarker data collection. Also, among women respondents, those who were pregnant and those who had given birth in the two months preceding the survey were excluded from the BMI estimation. As a result, the dataset had no information on BMIs of more than half (55%) of the women and 14% of the men surveyed.
Statistical analysis
Linear regression modelling was used to estimate the effect of wealth status on SBP and DBP. Multivariable logistic regression adjusting for the potential confounders was used to estimate the effects of wealth status on the prevalence of elevated BP.
Respondents categorized as poorest served as reference in all the analysis. We tested for linear trend of the associations using the likelihood-ratio test.
Stratification analysis was conducted to elaborate the effect modifying role of level of education. We tested for interaction between wealth status and level of education by entering interaction terms into the models and performing the likelihood-ratio test.
We accounted for the two-stage sampling design in the analyses using the svyset function available in Stata 12.0 software to identify the survey design characteristics and prefixing all descriptive and estimation commands with svy.
Ethical approval
The 2014 GDHS was conducted under the scientific and technical supervision of the Ghana Statistical Service, Ghana Health Service (GHS), National Public Health Reference Laboratory of the GHS and Noguchi Memorial Institute for Medical Research. All the survey methods and procedures were carried out in accordance with relevant guidelines and regulations of these organizations. The survey protocols were approved by ICF International through The DHS Program. Informed consent was obtained from all subjects before the interview.
Data availability
The datasets analyzed for the study are available from the DHS program upon request.
Results

Characteristics of respondents
The characteristics of the study population are presented in Table 1 . Females constituted about two-thirds (68%) of the respondents. About 16% of the respondents had no formal education with respondents educated up to higher (university/tertiary) level constituting 8%. About 16% of the respondents were categorized as poorest.
Respondents categorized as richest constituted 24%.
Hypertensive status of respondents
Prevalence of hypertension in the population according to wealth status are presented in Table 2 . The overall prevalence of elevated BP was found to be low (10.4%). About 62% of the hypertensive cases in the population was recorded among respondents categorized as richer/richest. (Table 3) . Similar findings were observed in the sensitivity analysis, albeit, for SBP, the results were all not statistically significant (Table 4) . For DBP, the likelihood-ratio test suggested evidence of a linear trend as the test was not statistically significant (p ¼ 0.1727) and the estimate from the restricted model was statistically significant.
Association of wealth status with prevalence of hypertension
Odds of elevated BP increased with increasing wealth status with richest respondents found to have a 151% (AOR ¼ 2.51, 95% CI: 1.80, 3.48) increased odds of elevated BP (Table 5 ). Similar findings were observed in the sensitivity analysis but with the effect estimates attenuated ( Table 6 ). The likelihood-ratio test suggested evidence of a linear trend (p ¼ 0.1398). The wealth status e BP relationship appears to be modified by education level of the respondents ( Table 7) . The interaction models confirmed the effect modifying potential of education (p ¼ 0.0007). Primary educated respondents were found to have much higher increased odds of elevated BP across all the wealth categories. Secondary educated respondents were found to have lowest increased odds of elevated BP across all the wealth categories. The effect estimates noted for the higher educated respondents were also elevated with those categorized as poorer, recording the highest increased odds. All the effect estimates were, however, not statistically significant with the confidence intervals also noted to be very wide. 
Discussion
We found wealth status to be associated with BP in the Ghanaian population with SBP and DBP, and prevalence of elevated BP increasing consistently with increasing wealth status. In the sensitivity analyses, the associations persisted but were attenuated. Level of education modified the relationship with the increased odds of elevated BP found to be relatively high among primary educated respondents.
Validity issues
The sampling strategy of the 2014 GDHS survey together with the high response rate (97.3% and 95.2% for women and men, respectively) achieved minimizes selection bias. Also the standardized data collection instruments and procedures of DHS surveys including the present and the extensive training of interviewers guarantees the collection of reliable information from survey participants. Missing data was not a concern in this study. Of the variables of interest, only religion and ethnic group recorded one missing information.
The outcome of interest was measured three times at intervals of 10 minutes of more using the same BP monitor across all households and with the average of the second and third measurements used for our analysis. Interviewers were trained to use the device according to the manufacturer's recommended protocol and as a result, the potential for measurements errors is likely to be minimized. In classifying respondents with hypertension, the BP measurement was complemented with information on respondents who indicated at the time of the survey that they have previously being told by a physician that they have hypertension and were controlling their BP by one or more of the following measures; taking medication, controlling weight, decreasing salt intake, exercise, decreasing alcohol intake, and stopping smoking. This approach enabled a better estimation of the prevalence of hypertension in the population. However, there are likely to be in this population, hypertensive cases who were diagnosed by people other than physicians notably herbalists, chemical sellers, pharmacists and medicine counter assistants, and possibly managing the condition with either orthodox or herbal medicines. In Sub-Saharan African countries including Ghana, antihypertensive drugs can be purchased without prescription. Covariates adjusted in the analysis were gender, age, area of residence, religion, ethnic group, marital status and BMI. Covariates adjusted in the analysis were gender, age, area of residence, religion, ethnic group, marital status and BMI.
Unfortunately, the DHS survey do not capture these cases and could possibly lead to underestimation of hypertension in the population.
We were also not able to control for the confounding effect of physical activity, alcohol intake and consumption of salty foods, owing to the survey not collecting information on these covariates. The inability to control for these important potential confounders in the models is a threat to validity of the study results. However, the survey collected information on BMI, another important potential confounder, for a subset of the study population, and hence we conducted a sensitivity analysis restricting the analysis to this subsample to assess the robustness of the study findings.
The consistent results produced from the sensitivity analysis further strengthen the study results.
Synthesis with previous evidence
The mean SBP and DBP in Ghana were found to be quite low (113.60 and 74.50 mmHg, respectively). Addo et al. [4] . We also found the prevalence of hypertension in Ghana to be low (10.4%) in contrast to the higher rates noted by Addo et al. [13] and the WHO SAGE study [4] . Addo and colleagues [13] reported the prevalence of hypertension to range from 19.3% in rural areas to 54.6% in urban areas. The WHO SAGE study reported the overall prevalence of hypertension to be 54.6% with again, the rate higher in urban areas (60.5%) compared to rural areas (50.4%) [4] .
The low hypertension prevalence recorded by the DHS survey is likely to have been underestimated owing to the use of interviewers who were non-clinicians for measuring BP of respondents, even though they were adequately trained. Roubsanthisuk et al. [14] have suggested that compared to clinicians, trained personnel actually do underestimate the prevalence of hypertension. Also, as indicated earlier, the underestimation could be due to failure of the DHS survey to identify hypertensive cases diagnosed by people other than physicians. However, according to Addo et al. [13] , almost all the studies they reviewed classified hypertension based on BP measurements taken during a single visit and hence the likelihood of overestimating the prevalence of hypertension.
We found odds of elevated BP to increase with increasing wealth status. Similar observations were reported by a study conducted in Bangladesh [15] that also relied on DHS dataset. The positive association between SES and hypertension in LMICs has been explained by the theory that rural-urban migration, economic prosperity and urbanization increases the prevalence of modifiable risk factors for hypertension such as overweight and obesity, sedentariness, and excessive caloric, fat, alcohol and salt intake as well as increased psychological stress, and interruption of traditional family links [16, 17] . This theory perfectly explains our findings. In Ghana, improvement in income and increased wealth, often leads to the adoption of unhealthy lifestyles that hinges around increased meat (kebab, fried pork) intake, increased patronage of restaurant and fast foods which are typically high in sodium and fat, increased alcohol consumption, and physical inactivity from vehicle ownership. Razak and Subramanian [18] have recommended the conduct of studies that better characterize the social and economic patterning of hypertension in LMICs to help advance our understanding of the burden of this condition in LMICs. This large, nationally representative study that provides evidence on the nature of the association between wealth status and hypertension in the Ghanaian population points in this direction and will assist in the implementation of strategies to control and prevent hypertension.
The higher increased odds of elevated BP noted across all wealth categories among primary educated respondents is somehow surprising. It is possible that these primary educated respondents were residing in poor neighborhoods with the findings possibly reflecting the adverse effects of poor neighborhood conditions on health.
Residing in socioeconomically deprived neighborhoods is associated with increased risk of hypertension [19, 20] . The potential hypertension-inducing features of deprived neighborhoods include limited access to healthy food environment, and walking and exercise environment, as well as an excess of neighborhood stressors such as violence, crime, noise, crowding and poor social cohesion [21, 22] . There is evidence linking neighborhood deprivation with risk factors for hypertension including higher BMI, smoking, poor diet and physical inactivity [23, 24, 25, 26] as well as noise and air pollution [27, 28, 29] .
The higher increased odds of elevated BP among poorer higher-educated respondents is also surprising. It must, however, be emphasized that the effect estimate was imprecise and statistically not significant. The same deprived neighborhood hypertension-inducing effect could also explain this finding as it is possible these respondents were also residing in poor neighborhoods. Secondary educated respondents were found to have lowest increased odds of elevated BP across all the wealth categories and is a possible suggestion that, across all wealth categories, secondary education confers some cardiovascular health benefits. The reason for this, however, is difficult to speculate and we recommend that the explanatory factors are explored in future studies in this and similar populations to enable a better understanding of the distribution of hypertension in LIMCs.
Conclusions
In conclusion, we found evidence of wealth gradient in elevated BP in the Ghanaian population. The ongoing socio-demographic, epidemiological and nutrition transitions in Sub-Saharan African countries including Ghana which is characterized by increasing urbanization and changing lifestyle habits is a likely driver of the observed subgroup differences in hypertension. Health education for improved cardiovascular health in Ghana and similar African settings should target vulnerable sub-populations.
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